Inappropriate stoma site, improper management of stoma, and stoma complications lead to diminished quality of life of ostomates. Healthcare professionals involved in stoma creation and/or care should have the fundamental and updated knowledge of the management of stomas and their complications. This review article consists of the following major sections: principles of perioperative patient management, early complications, and late complications. In the "principles of perioperative patient management" section, the current concepts and trends in preoperative education, stoma site marking, postoperative education, and patient educational resources are discussed. In the "early complications" section, we have focused on the etiology and current management of ischemia/necrosis, fluid and electrolyte imbalances, mucocutaneous separation, and retraction. In the "late complications" section, we have focused on the etiology and current management of parastomal hernia, stoma prolapse, parastomal varices, and pyoderma gangrenosum. Pre-and postoperative patient education facilitates the patient's independence in stoma care and resumption of normal activities. Healthcare providers should have basic skills and updated knowledge on the management of stomas and complications of stomas, to act as the first crisis manager for ostomates.
Introduction
Stoma creation is indicated for various clinicopathological conditions, and intestinal stomas require temporary or permanent diversion of bowel continuity. Although the purpose of stoma creation is to improve the quality of life (QoL), inappropriate stoma site, improper management of the stoma, and stoma complications can lead to diminished QoL, social isolation, and increased medical interventions and costs. Patients who undergo stoma surgery face multiple challenges and lifestyle changes [1] . Therefore, healthcare professionals involved in stoma creation and/or care should have the fundamental and updated knowledge of the management and complications of stomas [1, 2] .
In this study, early complications were defined as those that occurred within the first 30 days, and late complications were defined as those that occurred after the patient's physiological adjustment [3, 4] . For early complications, this study focused on ischemia/necrosis, fluid and electrolyte imbalances, mucocutaneous separation, and retraction. For late complications, this study focused on parastomal hernia, stoma prolapse, parastomal varices, and pyoderma gangreno-
Preoperative stoma site marking
The preoperative stoma site is marked to select the optimal stoma location that promotes the patient's independence in stoma care and resumption of normal activities, predicts wear times of pouching systems, and reduces postoperative complications [1, 2] . The key points, procedure, and examples of stoma site marking have been detailed previously [2] .
Postoperative education
Patients who undergo stoma surgery need to develop new skills in the early postoperative period, while adjusting to physical changes and new circumstances [1] . The purpose of postoperative education is to acquire skills of self-care and ability to assess stomal/peristomal conditions. However, time for patient education may be limited because of advancements in minimally invasive surgeries and shorter hospital stay with ERAS. In 2016, the WOC Nurses (WOCN) Society published the summary of their consensus conference on outcome criteria for discharging new ostomates from home healthcare [6] . There are 18 consensus statements regarding emptying the pouch, pouch change, assessment of the stoma and peristomal skin, assessment of stoma output, ostomyrelated supplies and resources, nutrition and fluids, and access to a WOC nurse. This summary also provides caregivers with the information necessary for a plan of care, with outcomes, and practical advice on implementing these criteria [6] .
Patient educational resources
Currently, resources for patient education are available on websites. The American College of Surgeons has developed the Ostomy Home Skills Program that offers online interactive courses and a practical kit, including broadcast video programs, booklets, sample pouches, equipment needed for pouch application, skills checklist, and an additional resource list [7] . The WOCN Society has launched patient resources online that can direct patients to the related healthcare organizations, patient care publications, products, services, and testimonials, the Peristomal Skin Assessment Guide for Consumers, and a tool to find a WOC nurse [8] . In addition, most ostomy product manufacturers provide online patient education materials, product samples, hands-on kits, and complementary support services. Regional ostomy support groups may have periodic educational meetings and teaching sessions [9] .
Early Complications

Ischemia/necrosis
A newly constructed stoma appears edematous in the immediate postoperative period because of venous congestion in the mesentery, allowing adequate arterial flow but causing swelling and cyanosis in the stoma [4] . As postoperative edema decreases, the stoma shrinks. Therefore, the definitive diagnosis between venous congestion and ischemia/necrosis is crucial.
Signs of ischemia usually arise within 24 h, with bluish discoloration of the mucocutaneous junction [10] . However, delayed ischemia may occur postoperatively, as underlying medical conditions (i.e., hypoperfusion) can cause devascularization [4] . The causes of necrosis are associated with the surgical technique in stoma creation, including tension on the mesentery, ligation of the primary blood vessel, and excessive dissection of the peristomal mesentery [4, 11] . The incidence of necrosis is 1.6%-11% [12] [13] [14] [15] .
The decision to proceed with stoma revision depends on the level of stoma necrosis in the abdominal wall. The extent of ischemic changes in the mucosa can be effectively assessed using endoscopy through the stoma site [4] . If the necrosis is superficial (a few millimeters), there is no need for revision [4, 10, 11] . If the necrosis extends above the fascia (Figure 1 ), an immediate revision may not be necessary. However, if the length of necrosis is more than 1 or 2 cm, early revision is recommended to prevent future stenosis [10] . If the necrosis extends below the fascia (Figure 2 ), an immediate surgery is required with resection of the ischemic bowel and refashioning of the new stoma [4, 10, 11, 16, 17] .
Fluid and electrolyte imbalances
A newly formed ileostomy usually functions within 24 h and produces 1200 mL of watery stool per day (500-2000 mL/day) [18] . However, the amount of ileostomy output can be maintained at 300-700 mL/day, called ileostomy adaptation [11] . The underlying mechanism is a higher mean concentration of plasma aldosterone because of chronic depletion of fluid and sodium through watery stool from ileostomy [11] . Although this compensation occurs, the risk of developing severe dehydration is high in the immediate postoperative period when the oral intake of fluids is insufficient [11] . Prolonged hyperaldosteronism leads to hypokalemia and hypomagnesemia because of electrolyte imbalances. Dehydration is a major cause of readmission after stoma creation [19] [20] [21] .
When the amount of fluid from the stoma exceeds 1000-2000 mL/day, it is called high output stoma (HOS), which occurs in 16% of patients with stoma creation [18, 22] . It is caused by single or multiple factors, including partial bowel obstruction, intra-abdominal sepsis, prokinetic drugs (e.g., metoclopramides), sudden withdrawal of steroids or opiates, and enteritis with Clostridium difficile infection. Diuretics, coexisting diabetes mellitus, and total proctocolectomy are the risk factors for HOS [20, 23] , while some studies identified no specific risk factors [18, 19, 22] .
Close monitoring of body weight, fluid balance, serum biochemistry, and electrolytes is mandatory in the immediate postoperative period. Abdominal computed tomography is helpful to identify intra-abdominal abscesses and bowel obstruction. Fluid and electrolyte resuscitation using intravenous supplements, restriction of fluid intake to 500-1000 mL/day, avoiding intake of hypotonic drinks (tea, coffee, and fruit juice), and antidiarrheal or antiperistaltic medications, such as loperamide, proton-pump inhibitors, codeine, cholestyramine, or somatostatin analogs, are recommended in the treatment protocol [18, 22] . A recent pilot study showed that an intensive surveillance program comprising regular hospital visits and telephone interviews decreased both readmission rates and costs [24] ; however, conflicting results were reported in a randomized study [25] .
Mucocutaneous separation
Mucocutaneous separation (MCS) is characterized by partial or circumferential detachment of the mucosa from the peristomal skin. The causes of MCS include infection, diabetes mellitus, corticosteroids, malnutrition, excessive tension on the stoma, and stoma necrosis [9, 10] . The incidence of MCS is 3.7%-9.7% [12, 26, 27] .
MCS can be treated conservatively by local wound care. The separated area is irrigated with saline, and skin barrier powder is used to absorb exudates and fill the defect before applying the pouching system [1, 9, 28] . If the separation is deep, it may be effective to fill the separation using alginate or gelling fiber and cover it with a solid hydrocolloid or the pouch's skin barrier [1] . MCS is mostly cured with appropriate wound management; however, close observation is needed in cases of circumferential MCS because of subsequent retraction of stenosis.
Retraction
Retraction is the inversion of the mucocutaneous junction toward the abdominal wall, resulting in poor fitting of the stoma appliance and bowel leakage. Retraction is typically seen in the early postoperative period and may occur secondary to ischemia in the follow-up. The incidence of retraction is 2.9%-5.4% [26, 29, 30] . Retraction is more frequent in patients with high body mass index, and its suggested mechanism is difficulty in mobilizing and exteriorizing the thickened mesentery [31] .
A stoma rod has traditionally been used to prevent retraction; however, a recent systematic review and meta-analysis showed that a stoma rod for loop stoma construction did not prevent stoma retraction [29] . Moreover, the incidence of peristomal dermatitis and stoma necrosis was significantly higher when a stoma rod was used [29] . In mildly symptomatic patients, a convex appliance may be useful to decrease bowel leakage. In severely symptomatic patients, local repair with partial mobilization of the proximal bowel can be attempted, although the definitive treatment is a stoma revision surgery that secures adequate bowel length and blood supply [3, 10] .
Late Complications
Parastomal hernia
Parastomal hernia (PSH) is an incisional hernia at the stoma site. The incidence of PSH varies from 3% to 50% because of heterogeneities in the definition of PSH, diagnostic modalities (clinical or radiological), patient population, stoma type, and follow-up duration [32] [33] [34] [35] [36] . The incidence of PSH increases over time and is more than 30%, 40%, and 50% by 1 year, 2 years, and longer follow-up durations, respectively [33] . Symptoms of PSH include peristomal esthetic complaints, discomfort, pain, appliance leakage, difficulty in fitting appliances, bowel obstruction, and incarceration [4, 35, 37] . Table 1 summarizes the risk factors for PSH.
Non-invasive approaches to prevent PSH include nursing strategies for patient education in the management of body weight, exercise, and increasing the awareness of risk factors for PSH [38] . Surgical prevention includes extraperitoneal rather than transperitoneal route of construction [35] and prophylactic synthetic mesh placement [15, 39] in the initial stoma creation. Management of PSH can be surgical or nonsurgical. The nonsurgical treatment includes the use of a hernia support belt and flexible pouching system and discontinuation of stoma irrigation [1] . An elective surgery may be indicated depending on the patient's comorbidities and symptoms, after a risk-benefit analysis. Emergency surgery is required for nonresolving bowel obstruction and incarcerated PSH [32, 40] . In the surgery, direct suture repair or stoma relocation is not recommended because of a high recurrence rate of more than 60%. Mesh repair is considered as the standard treatment of PSH, including onlay, sublay, and open intraperitoneal mesh placement, with recurrence rates of 17%, 6.9%, and 9.2%, respectively [41] . In the laparoscopic approach, the Sugarbaker technique has a lower recurrence rate than the Keyhole technique (12% vs 35%) [41] .
However, the nonoperative treatment of PSH has a lower cross-over rate (21%) than the surgical treatment, most of which is not emergency surgery [37] . Moreover, a recent nation-wide cohort study showed that the cumulative incidence of PSH causing symptoms or requiring surgery after 5 years is only 7.7% [36] . Therefore, surgical intervention for PSH should be solely indicated for symptomatic patients, and the relatively high morbidity (13%), mortality (6.3%), and recurrence (11% at 3 years) rates [40] must be informed to the patients before the treatment.
Stoma prolapse
Stoma prolapse is a full-thickness protrusion of the bowel through the stoma site, with incidence rate of 2%-3% in ileostomies and 2%-10% in colostomies [4, 26, [42] [43] [44] . Transverse loop colostomies are most susceptible to stoma prolapse, with an incidence rate as high as 30% [3, 11] . Endostomas have lower incidence rate than loop stomas. The risk factors for stoma prolapse are advanced age, obesity, increased intra-abdominal pressure, chronic obstructive pulmonary disease, bowel redundancy, and weak fascia [4, 10] . Factors associated with the surgical technique can cause stoma prolapse, including improper stoma site (outside the rectal muscle), oversized aperture, redundancy of the bowel at the stoma site, and the space between the abdominal wall and the stoma [10, 45] .
The main symptoms are skin irritation, difficulty fitting appliances, and mucosal ulceration with bleeding resulting from prolonged mucosal exposure [3, 10] . Stoma prolapse also carries a high risk of bowel obstruction, incarceration, and strangulation [4] . Stoma prolapse can be classified into fixed and sliding types [3, 4] . The fixed type is a constant prolapse, most commonly caused by improper construction of the stoma with excessive protrusion beyond the abdominal wall. The sliding type is an intermittent prolapse occurring with increased intra-abdominal pressure, more susceptible to incarceration. Typically, prolapse occurs at the efferent (distal) limb in loop stomas. For acute stoma prolapse, manual reduction can be attempted at the bed side. In cases of significant bowel edema, topical granulated sugar may be effective as an osmotic therapy [3, 10, 46] . Once the prolapse has reduced, adjusting the pouch size and the opening in the skin barrier may prevent trauma. A one-piece pouching system can be used [1] .
The definitive treatment of stoma prolapse is surgery. If nonreducible, ischemic prolapse results in incarceration or strangulation, an emergency surgery is indicated. For reducible prolapse, surgery can be elective. If the stoma functions as fecal diversion, stoma prolapse is resolved by stoma reversal. In most cases, stoma prolapse can be managed by local surgical procedures. Intraluminal bowel fixation or resection of the prolapsed bowel segment with rematuration using modified Delorme or Altemeier procedures are the conventional techniques for local revision [4, 10] . Maeda et al. first reported minimally invasive technique using a liner stapling device [47] . A curved stapling device can also be used [48] , and these minimally invasive techniques can be performed with local anesthetic agents or under intravenous sedation [48] [49] [50] . Moreover, a linear stapling device allows an excision of the irreducible bowel and complete closure of the distal limb of the stoma, in patients with incarcerated loop stoma prolapse when defunction of the distal colon and rectum is not needed [51] .
However, data on the long-term success rate of the local procedures are few; one study showed an acceptable recurrence of approximately 10% in the short-term follow-up [50] . In cases of failure of local surgical procedures, relocation of the stoma with laparotomy is indicated.
Parastomal varices
In patients with portal hypertension, enlarged and dilatated venous channels develop at the junction between the high-pressure portal and the low-pressure system in venous systems. The collateral portosystemic anastomoses form at the mucocutaneous junction of the stoma, resulting in engorged and pressurized subcutaneous vasculature, as the caput medusa [4, 52] . It causes recurrent and torrential bleeding, affecting 5% of all ostomates [52, 53] . Parastomal varices are mostly seen in patients with primary sclerosing cholangitis and liver cirrhosis, and 70% of the bleeding cases were observed in ileostomy [52] . The average time from stoma creation to the first documented episode of bleeding was 74 months (range: 1-480 months; median: 48 months) [52] .
In cases of acute bleeding, direct pressure with gauze soaked in 1% epinephrine should be initially attempted. Suture ligation and/or electrocauterization may be needed for refractory bleeding. When hemostasis is achieved, refitting the appliance is considered to prevent trauma [10] . Rigid pouching products should be avoided because they may cause injury to the stoma [1] . Nonoperative local management resulted in 85% of re-bleeding rate; therefore, it is the rule rather than an exception [3, 52] . Local operative management can be indicated in patients with significant systemic risks or short life expectancy. The surgical procedures include stoma revision and relocation, muco-cutaneous disconnection, or a circumferential suture technique. However, the re-bleeding rate is 81%, comparable to the nonoperative management [52] . Surgical portosystemic shunt procedures with mesocaval, portocaval, or splenorenal anastomosis can achieve reduced re-bleeding rates (38%) compared to the local management; however, these invasive procedures may be associated with increased morbidity and mortality [52] . Percutaneous embolization using a direct or transhepatic approach also has a moderate success in decreasing the rebleeding rate (45%) [52, 53] . The complications associated with this percutaneous treatment are few and limited to parastomal skin ulcers [53, 54] . Transjugular intrahepatic portosystemic shunt (TIPS) with or without embolization is the most effective treatment. The re-bleeding rate is 20%, and the prevalence of TIPS for parastomal varices is increasing over time [52] . However, the complications of TIPS are hepatic encephalopathy, bleeding, biliary and hepatocellular insufficiency, and malposition or stent occlusion. The complication rate of TIPS was as high as 20% in the early 2010s, but there have been fewer procedure-related complications of TIPS in the recent studies [55, 56] . Liver transplantation may be indicated for patients in whom all the above treatments fail. As prognosis of the patients with parastomal varices is associated with the underlying liver disease rather than with variceal bleeding [3] , the method of management should be selected considering the patient's comorbidities and physical and social statuses.
Peristomal pyoderma gangrenosum
Pyoderma gangrenosum (PG) is a neutrophilic dermatosis associated with progressive skin ulceration, necrosis, and abscess [57, 58] . Peristomal PG (PPG) is a subtype of PG that occurs in any type of intestinal stomas [57, 59] . Although the etiology is unclear, inflammatory bowel diseases, autoimmune diseases, and mechanical trauma are suggested as the underlying pathophysiological factors [58] . The incidence of PPG is 0.9%-4% [58, 60, 61] , and this rarity makes it difficult to define diagnostic and therapeutic approaches. Potential risk factors are female gender, higher body mass index, presence of autoimmune diseases, parastomal hernias, repetitive peristomal stress, irritation from bowel leakage and appliance changes, and tension or ischemia from the ostomy appliance [57, 61] . Approximately 70% of the patients reported a concurrent flare of the underlying systemic disease at the time of PPG onset [57] . The reported time of PPG onset after stoma creation varies, while recent studies have reported the mean onset of 23 months [57, 58] . Interestingly, these two reports also revealed the median values of onset ranging from 1.5 to 7 months [57, 58] .
PPG should be diagnosed based on clinical presentations that are characterized by pain, violaceous and/or undermined borders, erythema, and purulence. The differential diagnosis includes bacterial and fungal infections, chemical dermatitis, irritation from leakage, and allergic contact dermatitis. Routine biopsy and culture are not recommended because they may not provide specific findings, while aggravating the disease entity by trauma [57, 59] .
PPG requires long-term and multimodal treatment approaches compared to other peristomal skin ulcers. Basic skin care for PPG is to create a clean wound environment by absorbing exudates and maintaining a moist skin surface using occlusive or non-adherent dressings [57, 62] . Filling the wound with an absorbent product, such as an alginate or gelling fiber, facilitates adherence of the skin barrier [1] . An example of wound management is shown in Figure 3 , 4 and 5. Proper application of paste mixtures, crushed powder, and sprays is essential for an effective treatment. Mechanical trauma by pouching systems should be avoided. Mild cases without active systemic disease can be managed with topical agents as monotherapy. Corticosteroids and calcineurin inhibitors are suggested with mild recommendation [57, 63] . In contrast, severe or rapidly progressive cases require systemic therapies. Corticosteroids, cyclosporine, and dapsone are suggested with mild recommendation, and the complete response rate to these agents is 50% [57] . Metronidazole, azathioprine, sulfasalazine, tacrolimus, and intravenous immunoglobulin are less commonly used but can be considered as alternatives or adjunct therapies [57] . Biologic agents, including infliximab and adalimumab, may be successful in refractory cases of PPG, regardless of the presence of in-flammation [57] . Another recent review showed the effectiveness of immunomodulators, including cromolyn sodium, benzoyl peroxide, aminosalicylic acid, phenytoin, nicotine, becaplermin, and timolol [63] . Surgical intervention is the last resort for patients who do not recover with any of the aforementioned treatments, and the most effective treatment is to re-establish intestinal continuity [4, 57] . Stoma revision and relocation should be avoided because of the high incidence of recurrent PPG of up to 67% [57] .
Conclusions
Pre-and postoperative patient education facilitates the patient's independence in stoma care and resumption of normal activities. Healthcare providers should have basic skills and updated knowledge on the management and complications of stomas, to act as the first crisis manager for ostomates. Multidisciplinary team follow-up is crucial for optimizing the QoL of ostomates, with coordination of care and information sharing across all team members.
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